Background
==========

Cardiac arrest is a major public health problem in many countries. The incidence of cardiac arrest varies from 0.5 to 1.5/1,000 people/year.[@b1-oaem-10-105] The survival rates for cardiopulmonary resuscitation (CPR) generally depend on the location of cardiac arrest.[@b2-oaem-10-105] The survival rates remain low (10.4%) in adult patients who suffer from out-of-hospital cardiac arrest (OHCA) and received resuscitative procedures from an emergency medical system.[@b3-oaem-10-105]

When sudden cardiac arrest occurs, it means sudden cessation of cardiac function with hemodynamic collapse leading to anaerobic metabolism. Lactate is the end product of anaerobic metabolism[@b4-oaem-10-105] that can be used as a marker of cellular hypoxia in several shock states and can use to predict mortality in many critical diseases such as sepsis, burns, and trauma.[@b5-oaem-10-105]--[@b11-oaem-10-105] In cardiac arrest patients who survive from CPR, post-cardiac arrest, the serum lactate can be used as a surrogate marker for tissue perfusion and evidence of utility of lactate to predict survival to hospital discharge.[@b12-oaem-10-105],[@b13-oaem-10-105] High serum lactate or slow serum lactate clearance rate after return of spontaneous circulation (ROSC) was correlated with poor outcomes. The serum lactate level within 10 minutes after CPR is a good indicator of prognosis, but the cut-off points to use for determining outcome in OHCA patients vary from study to study.[@b13-oaem-10-105]--[@b16-oaem-10-105]

The present study aimed to determine the serum lactate level as a predictor for sustained ROSC in OHCA in emergency department (ED) patients.

Materials and methods
=====================

Study design and setting
------------------------

This was an observational, retrospective study. The data were collect from January 1, 2015, to June 30, 2017. The inclusion criteria were 18-year-old patients or older who suffered from OHCA and received CPR until they achieved sustained ROSC. Sustained ROSC was defined as the presence of palpable pulses for at least 20 minutes.[@b17-oaem-10-105] The exclusion criteria were traumatic cardiac arrest, ROSC prior to arrival, and pregnancy.

Songklanagarind Hospital is a tertiary university hospital. The ED volume is over 45,000 patients/year. The number of cardiac arrest patients who received CPR at the ED is 170 patients/year. One hundred and forty-three had OHCA and 27 patients had cardiac arrest at the ED. The hospital CPR team consists of an internal medicine physician, surgeon, anesthesiologist, and emergency physician. Our hospital uses the practice guidelines of the American Heart Association. Blood samples were drawn for the initial lactate level using the enzymatic method. The study was approved by the institutional ethics committee board of Prince of Songkla University.

Outcome measurements
--------------------

The primary outcome measure was the initial serum lactate level which was used at the ED to predict sustained ROSC in nontraumatic OHCA. The secondary outcome was the association between initial serum lactate level and 24- and 48-hour mortality and hospital discharge with good neurological outcome. Good neurological outcome was defined as Glasgow--Pittsburgh cerebral performance category (CPC) score category 1 or 2.[@b18-oaem-10-105]

Statistical analysis
--------------------

The statistical analysis was done using R Software version 3.2.2 (The R Foundation, Vienna, Austria). The continuous variables were analyzed and reported as mean and median, while categorical variable were reported as percentage. The Student's *t*-test was used for continuous and ordinal variables and the Pearson's χ^2^ test was used for categorical variables. Multivariate logistic regression model was used to predict factors for sustained ROSC. We determined the predicting factors for ROSC by backward stepwise logistic regression. Adjustment was made for potential confounding variables that were significant (*P*\<0.05) or tended toward significance (*P*\<0.02) on univariate analysis. The coefficiency from the model was multiplied by 4 and all factors were summed to calculate a predicting score of sustained ROSC. The number was then rounded up or down to the nearest 0.5 integer. The optimal cut-off point to predict the score were calculated from best sensitivity and specificity. The cut-off point value of initial lactate level to predict of sustained ROSC and mortality was calculated using receiver operating characteristic (ROC) curves and area under the ROC (AUROC) curve. Model discrimination was considered to be acceptable discrimination if AUROC =0.7--0.8 and excellent if AUROC =0.8--0.9.[@b19-oaem-10-105] A *P*-value \<0.05 was considered statistically significant.

Compliance with ethical requirements
====================================

The ethics committee of Prince of Songkla University approved this study. The institutional review board of Prince of Songkla University is affiliated with the International Conference on Harmonization in Good Clinical Practice or ICH-GCP protocol. According to our institutional review board protocol for waiver of informed consent, the requirement for consent was waived because the participants had no more than minimal risk and the standard treatment procedure was provided. All research information were kept as confidential data in an encrypted file with password and limited data access by only the researcher and assistant.

Results
=======

Demographic data
----------------

Two hundred and seven nontraumatic OHCA patients were enrolled in this study. The median age was 66 years old. Of the 207 patients, 68.1% were men, 72.9% had comorbidities, 73.4% experienced cardiac arrest at home, 36.7% were witnessed arrest, 14% received CPR by a bystander, and initial shockable rhythms were reported in 11.6%. The mean initial lactate level was 12.4 mmol/L ([Table 1](#t1-oaem-10-105){ref-type="table"}). Sustained ROSC following CPR was seen in 41% ([Figure 1](#f1-oaem-10-105){ref-type="fig"}).

The mean ± SD initial serum lactate level in patients who had sustained ROSC was lower than that of patients who did not sustain ROSC (12.0±4.8 vs 12.6±5, *P*=0.381). However, the mean ± SD initial serum lactate level had statistical significance to predict 24- and 48-hour mortality ([Table 2](#t2-oaem-10-105){ref-type="table"}). The cut-off points of initial serum lactate to predict mortality at 24 and 48 hours after CPR were 9.1 mmol/L (*P*=0.031) and 9.4 mmol/L (*P*=0.049), respectively ([Table 3](#t3-oaem-10-105){ref-type="table"}).

Factors associated with sustained ROSC were no comorbidity (adjusted odds ratio \[aOR\] 1.71, 95% CI 0.51--5.71, *P*=0.014), cardiac arrest in a public area (aOR 2.4, 95% CI 1.2--4.79, *P*=0.013), witness arrest (aOR 2.39, 95% CI 1.26--4.52, *P*=0.008) ([Table 4](#t4-oaem-10-105){ref-type="table"}).

The scoring system to predict sustained ROSC was developed by transforming the coefficients of significant variables and the initial serum lactate level cut-off point of 6.2 mmol/L into the item score ([Table 5](#t5-oaem-10-105){ref-type="table"}). The scores range from −4 to 11. The AUROC curve was 0.715, and the best cut-off point score was 3.6. If the score is \>3.5, it can predict sustained ROSC ([Figure 2](#f2-oaem-10-105){ref-type="fig"}).

Discussion
==========

Previous research has shown serum lactate to be an independent prognostic factor of mortality and neurological outcome in severe sepsis.[@b10-oaem-10-105] However, Shinozaki et al[@b13-oaem-10-105] found that serum lactate levels combined with ammonia levels were statistically more significant in predicting survival when compared with initial serum lactate alone. Lee et al[@b20-oaem-10-105] found an association of increased serum lactate clearance with neurological outcomes in OHCA patients after therapeutic hypothermia but did not find an association with the initial serum lactate level. In the present study, the association between sustained ROSC and neurological outcome had no statistical significance, but the serum lactate levels were statistically significant in predicting 24- and 48-hour mortality. The cut-off point for blood lactate levels to predict a poor prognosis in OHCA patients varies from study to study. Wang et al[@b21-oaem-10-105] reported a lactate level \<9 mmol/L was positively associated with a 10-minute ROSC but not significantly associated with the neurological outcome. Shinozaki et al[@b13-oaem-10-105] also studied lactate levels on admission in 98 OHCA patients, of whom only 10 had a favorable outcome. According to an ROC curve analysis, the optimal cut-off level to predict a favorable outcome (CPC 1, 2) was 12.0 mmol/L. However, it was reported by Grimaldi et al[@b16-oaem-10-105] that lactate levels \<5.1 mmol/L in 225 OHCA patients were associated with favorable outcomes at discharge from the intensive care unit in 225 OHCA patients. Seeger et al[@b14-oaem-10-105] found that poor neurological outcomes were associated with serum lactate levels \>6.94 mmol/L, but serum lactate levels \<5 mmol/L correlated with favorable neurological outcomes in a study by Kaji et al.[@b22-oaem-10-105] In addition, 1 multicenter prospective observational study conducted by Donnino et al[@b23-oaem-10-105] concluded that lower lactate levels at different measurement times during the first 24 hours as well as a greater percent decrease in lactate over the first 12 hours of post-cardiac arrest were associated with survival and good neurological outcome.

In this current study, the optimal cut-off points, sensitivity, and specificity of the initial lactate level to predict 24- and 48-hour mortality were identified as 9.1 and 9.4 mmol/L, 63% and 57%, and 54% and 61%, respectively. The different time points of serum lactate measurement and outcome selection caused a difference in the threshold values. Serum lactate levels would be higher when measurements are taken during CPR because of blood flow recovery to ameliorate systemic hypoxia and hypoperfusion. An explanation for the cause of elevated serum lactate is its role as a surrogate marker for the status of low-flow or no-flow after cardiac arrest.[@b24-oaem-10-105],[@b25-oaem-10-105] However, Müllner et al[@b26-oaem-10-105] suggested that serum lactate levels may be a weak surrogate marker during cardiac arrest.

Conclusions
===========

The initial serum lactate level was not associated with sustained ROSC and good neurological outcome. However, there was an association with 24- and 48-hour mortality in OHCA and the cut-off points of initial serum lactate levels were 9.1 and 9.4 mmol/L, respectively. The factors related to sustained ROSC in OHCA were comorbidity, witnessed arrest, and location of cardiac arrest. The prediction score of \>3.5 indicated sustained ROSC (area under the curve =0.715).

What is already known on this topic
===================================

Several studies showed that initial serum lactate predicts sustained ROSC.

What this study adds
====================

The study shows other factors that predict sustained ROSC, good neurological outcome, and mortality.
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![The study flow diagram.\
**Note:** The result of CPR was sustained ROSC.\
**Abbreviations:** CPR, cardiopulmonary resuscitation; ROSC, return of spontaneous circulation.](oaem-10-105Fig1){#f1-oaem-10-105}

![ROC curve of cut off point score for predicted sustained ROSC.\
**Abbreviations:** AUC, area under the curve; ROC, receiver operating characteristic; ROSC, return of spontaneous circulation.](oaem-10-105Fig2){#f2-oaem-10-105}

###### 

Demographic and baseline characteristics of study patients

  Variables                                   All patients (n=207)   Survival to hospital discharge (n=85)   Nonsurvivors (n=122)   *P*-value
  ------------------------------------------- ---------------------- --------------------------------------- ---------------------- -----------
  Age, year, median (IQR)                     66 (53--79)            69 (55--79)                             66 (52--78)            0.416
  Sex, n (%)                                                                                                                        0.467
   Male                                       141 (68.1)             55 (64.7)                               86 (70.5)              
   Female                                     66 (31.9)              30 (35.3)                               36 (29.5)              
  Comorbidities, n (%)                                                                                                              0.009
   Yes                                        151 (72.9)             69 (81.2)                               82 (67.2)              
   No                                         13 (6.3)               7 (8.2)                                 6 (4.9)                
   Unknown                                    43 (20.8)              9 (10.6)                                34 (27.9)              
  Metabolic syndrome                          91 (60.3)              37 (53.6)                               54 (65.9)              0.173
  Cardiovascular disease                      46 (30.5)              24 (34.8)                               22 (26.8)              0.379
  Noncardiovascular disease                   100 (66.2)             48 (69.6)                               52 (63.4)              0.533
  Locations of cardiac arrest, n (%)                                                                                                \<0.001
   Home                                       152 (73.4)             51 (60)                                 101 (82.8)             
   Public area                                55 (26.6)              34 (40)                                 21 (17.2)              
  Collapse witnesses                                                                                                                \<0.001
   Unwitnessed                                131 (63.3)             41 (48.2)                               90 (73.8)              
   Witness                                    76 (36.7)              44 (51.8)                               32 (26.2)              
  CPR team, n (%)                                                                                                                   1.000
   Bystander                                  29 (14)                12 (14.1)                               17 (13.9)              
   No bystander CPR                           178 (86)               73 (85.9)                               105 (86.1)             
  Initial cardiac rhythm, n (%)                                                                                                     0.243
   Nonshockable rhythm                        183 (88.4)             72 (84.7)                               111 (91)               
   Shockable rhythm                           24 (11.6)              13 (15.3)                               11 (9)                 
  Initial lactate value recorded, mean ± SD   12.4±4.9               12±4.8                                  12.6±5                 0.381

**Note:** Data are presented as n (%) unless indicated otherwise.

**Abbreviations:** CPR, cardiopulmonary resuscitation; IQR, interquartile range.

###### 

Serum lactate level and outcome

  Outcome                N (%)        Lactate level   
  ---------------------- ------------ --------------- -------
  ROSC                                                0.381
   ROSC                  85 (41)      12.0**±**4.8    
   Non-ROSC              122 (59)     12.6±5.0        
  24-hour mortality                                   0.031
   Survivor              52 (25.1)    11.1±4.2        
   Nonsurvivor           155 (74.9)   12.8±5.1        
  48-hour mortality                                   0.049
   Survivor              48 (23.2)    11.2±4.3        
   Nonsurvivor           159 (76.8)   12.7±5.1        
  Neurological outcome                                0.553
   CPC 1--2              6 (54.5)     11.2±4.6        
   CPC 3--5              5 (45.5)     9.7±3.1         

**Abbreviations:** CPC, cerebral performance category; ROSC, return of spontaneous circulation.

###### 

Best cut-off point of serum lactate level and prediction of outcome

  Outcome                Cut-off point serum lactate level (mmol/L)   Sensitivity (%)   Specificity (%)   AUC    OR 95% CI           *P*-value
  ---------------------- -------------------------------------------- ----------------- ----------------- ------ ------------------- -----------
  ROSC                   6.2                                          80                32                0.54   0.97 (0.97, 1.03)   0.378
  24-hour in mortality   9.1                                          63                54                0.60   0.93 (0.87, 0.99)   0.028
  48-hour in mortality   9.4                                          57                61                0.59   0.93 (0.87, 1.00)   0.046

**Note:** Association of initial lactate value with sustained ROSC.

**Abbreviations:** AUC, area under the curve; CI, confidence interval; OR, odds ratio; ROSC, return of spontaneous circulation.

###### 

Multivariate analysis of risk factors association with ROSC using unadjusted and adjusted logistic regression

  Characteristic                                               Unadjusted analysis   Adjusted analysis                                   
  ------------------------------------------------------------ --------------------- ------------------- --------- ------ -------------- -------
  Age, year                                                    1.007                 (0.99, 1.02)        0.413                           
  Sex                                                                                                                     --             
   Male                                                        1                                                                         
   Female                                                      1.3                   (0.72, 2.35)        0.381            --             
  Comorbidity                                                                                                                            
   Yes                                                         1                                                   1                     
   No                                                          1.39                  (0.44, 4.32)                  1.71   (0.51, 5.71)   
   Unknown                                                     0.31                  (0.14, 0.70)        0.007     0.34   (0.15, 0.79)   0.014
  Locations of cardiac arrest                                                                                                            
   At home                                                     1                                                   1                     
   Public area                                                 3.21                  (1.69, 6.08)        \<0.001   2.4    (1.2, 4.79)    0.013
  Collapse witnessed                                                                                                                     
   Unwitnessed                                                 1                                                   1                     
   Witnessed                                                   3.02                  (1.68, 5.42)        0.011     2.39   (1.26, 4.52)   0.008
  CPR team                                                                                                                               
   Bystander                                                   1                                                                         
   No bystander CPR                                            0.98                  (0.44, 2.19)        0.97             --             
  Initial cardiac rhythm                                                                                                                 
   Nonshockable rhythm                                         1                                                                         
   Shockable rhythm                                            1.82                  (0.77, 4.29)        0.277            --             
  Initial lactate value recorded, mean Initial lactate level   0.97                  (0.92, 1.03)        0.378                           
   ≥6.2 mmol/L                                                 1                                                   1                     
   \<6.2 mmol/L                                                0.67                  (0.26, 1.77)        0.423     0.62   (0.22, 1.77)   0.374

**Abbreviations:** CI, confidence interval; CPR, cardiopulmonary resuscitation; OR, odds ratio; ROSC, return of spontaneous circulation.

###### 

Sustained ROSC prediction score developed by the coefficient of logistic regression model

  Variable                       Coefficient   Coefficient 4   Score
  ------------------------------ ------------- --------------- -------
  Comorbidity                                                  
   Yes                           Ref                           0
   No                            0.53          2.12            2
   Unknown                       −1.07         −4.20           −4
  Location of cardiac arrest                                   
   Home                          Ref                           0
   Public area                   0.87          3.48            3.5
  Unwitnessed collapse           Ref                           0
  Witnessed collapse             0.87          3.48            3.5
  Serum lactate level (mmol/L)                                 
   ≥6.2                          Ref                           0
   \<6.2                         0.47          1.88            2

**Note:** Coefficients from multivariable logistic regression; Ref: reference category.

**Abbreviation:** ROSC, return of spontaneous circulation.
